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Quality and efficiency of the agricultural equipment machining depend on the methods, devices and parameters that affect the work piece and so change its initial properties into those required. Finishing processes are also included, affecting the required shape, precision and surface of the component (Audy 2008 (Audy , 2009 .
Various machining procedures are used. Drilling process is one of the most used manufacturing techniques. Precision of the holes made and quality of machined surfaces after drilling can be additionally increased by subsequent roughing or reaming. The selection of the convenient drilling procedure can influence the manufacturing economics, machined surface quality, productivity and total technological cost of machining (Stephenson, Agapiou 2006) . This effect is studied for various metals such as copper, brass, dural, and leaded bronze, which are commonly used for the preparation of the friction knots for the moving parts of agricultural machinery.
MAteRIAl And Methods
Single-circuit detector Utilcell-M120 was used for obtaining the data on the changes of cutting forces in the process of drilling (Fig. 1) . The crush element of this detector is made of beryllium-copper alloy made by the Utilcell Co., Barcelona, Spain.
The cutting force measured is the force acting on the arm, therefore it was recalculated for the real cutting force of the drill -following the equation:
where: Detector of temperature -a thermoelectric segment operates on the basis of Seebeck feature. Two
S62
line wires of different metals are linked on one end. If the ends of the circuit made have different temperatures, it incurs the proportional tension of temperature difference between them. The thermoelectric segment used in this study consists of two line wires of copper and of constantan (Stephenson, Agapiou 2006) . The most accurate information about the temperature flow in the process of drilling can be obtained by measuring the temperature always at the level of the cutting spot. This position can be adjusted by displacement of the fixing holder on zero-sequence withdrawable part of the spindle. The position of the temperature detector is illustrated in Fig. 2 .
sample preparation
The samples were made of soft metals such as copper, dural, brass and leaded bronze for the effect assignment of the machining material type and cutting conditions on the process of drilling. Three samples were made of each metal, one for each particular rotation. All samples were in the shape of cylinder with the dimension Ø 30 × 30 mm. The precise measuring of temperatures was ensured by convenient surface quality. The samples were made by lathe-turning. The drilling was conducted without any cooling fluid.
Drill Poldi HSS 02 Ø 16 mm STN 22 1140 (1977) was used as the cutting tool; it had been made of high-alloy high-speed steel (Anonymous 2003) .
Procedure of measuring
The rotation of 85 1/min was used for the first measuring. The feed was constant for the whole measuring process. Four snapshots were taken with thermography video camera throughout drilling. The first snapshot was taken when the drill reached the scope by whole cutting edge. The rest of snapshots were taken at periodical intervals. The last snapshot was taken in the position of close run out of the drill from the sample. Next two samples were measured at higher rotations of 150 1/min and 265 1/min. This procedure was repeated with other materials (Bátora, Vasilko 2000) .
Results And dIscussIon
Particular samples were measured within the parameters illustrated in Table 1 .
The data on the average temperatures on the work-piece surface and cutting forces are illustrated in the following tables (Tables 2-5). The measured values were selected according to the gradation of the drilling tool track (Anonymous 2007) . Table 2 shows the data on the average temperatures on the work-piece surface and cutting forces for dural. The flow of the cutting forces in the dependence on the rotation change of dural is illustrated in Fig. 3 . Table 3 shows the data on the average temperatures on the work-piece surface and cutting forces for leaded bronze. The flow of the cutting forces in the dependence on the rotation change of leaded bronze is illustrated in Fig. 4 . Table 4 shows the data on the average temperatures on the work-piece surface and cutting forces for brass. The flow of the cutting forces in the dependence on the rotation change of brass is illustrated in Fig. 5 . Table 5 shows the data on the average temperatures on the work-piece surface and cutting forces for copper. The flow of the cutting forces in the dependence on the rotation change of copper is illustrated in Fig. 6 . Table 6 shows the measured hardness of dural with all three samples measured. Hardness Ra in the dependence on the rotation of dural is illustrated in Fig. 7 . Table 7 shows the measured hardness of leaded bronze with all three samples measured. Hardness Ra in the dependence on the rotation of leaded bronze is illustrated in Fig. 8 . Table 8 shows the measured hardness of brass with all three samples measured. Hardness Ra in the dependence on the rotation of brass is illustrated in Fig. 9 . Table 9 shows the measured hardness of copper with all three samples measured. Hardness Ra in the dependence on the rotation of copper is illustrated in Fig. 10 (Žitňanský, Žarnovský 2010) .
Measured values of hardness

Geometry of drilled hole
The calculated values of ovality for each material studied are clearly shown in Table 10 . Ovality was studied in the working plane A-A and B-B.
The basic prerequisite for the most suitable cutting parameters detection in drilling coloured met- Fig. 3 . Flow of cutting forces in dependence on rotation changedural Fig. 5 . Flow of cutting forces in dependence on rotation change -brass als for friction knots of agricultural equipment was quality monitoring of the surfaces thus machined on the experimental samples. Quality of drilled holes was evaluated in accordance with the surface hardness, geometric precision, and conformity of the machined hole proportion with the drill diameter used. A rapid increase in cutting forces out of consideration to the average cutting force level was accomplished with dural samples drilling. It stayed around this value henceforth. The high- S 67 est deviations were obtained with the lowest cutting speed with the spindle rotation of 85 1/min. A higher stabilisation of the cutting forces was reached by cutting speed increment. Higher values of the cutting forces at a lower rotation could be caused by the mechanism of splinter production, when a higher plastic deformation was occasionally noted. This influenced also the degree of tool dullness and course of temperature. The highest cutting speed of 13.32 m/min caused the most abrupt temperature flow increment, when the resultant temperature flow measured on the spot of the cut increased almost linearly. The temperature was increasing from the beginning of the drilling process approximately evenly and then this trend of the temperature increase gradually deminished with a different cutting speed. The linear course of temperature at the highest rotation was caused by a more intensive production of the friction heat in short time, thus this heat could not be led away by the material quickly enough. The cutting forces and temperature decrement at the end of the drill track was as in all other drilled materials caused by the drilling surface decrement within running out of the drill from the material. The results suggest that with dural, the best values of surface geometry were reached at the rotation of 150 1/min with the cutting speed of .54 m/min. The best values of Hardness Ra = 1.33 µm were also reached by using these parameters. The lowest selected cutting speed of 4.27 m/min with the rotation of 85 1/min was marked in terms of hardness as the most suitable for drilling the leaded bronze sample. The quality of machined surface with Hardness Ra = 0.23 µm and very high geometry precision were reached by the use of these cutting parameters. This hardness was the highest one obtained among all coloured metals examined. The deviation from the set drilling proportion of the hole diameter of 16 mm was 0-10 µm. The cutting speed increment caused a significant hardness increment to 1.98 µm with the rotation of 265 1/min. The cutting speed of 7.54 m/min with the average spindle rotation of 150 1/min was marked as the most suitable for brass drilling. The best values of ovality and hardness Ra = 0.7 µm were also measured at the cutting speed mentioned.
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The best values of the copper samples-in hardness contrast to the other materials-were observed at the highest rotation of 265 1/min with the cutting speed 13.32 m/min. The lowest deviations from the hole drilling diameter set was also reached at the cutting speed mentioned. However, ovality was the worst with these cutting parameters. The lowest ovality of the machined hole was obtained at the lowest rotation (Žitňanský, Kročko 2001; Ružbarský, Tomáš 2006) .
conclusIons
In the paper, the results are described of the drilling of different materials used for the manufacturing of agricultural machines moving parts. These materials include copper, brass, duraluminium and lead bronze. The same parameters were used in the drilling of all materials.
Based on the results achieved, we can conclude that the quality of drilled holes in particular material depends significantly on the cutting speed. Different effects of the cutting speed on the surface roughness and roundness were found. The lowest roughness values were achieved at different cutting speeds as those leading to the best roundness in the case of all materials in research. 
